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a  b  s  t  r  a  c  t

The  fruits  of  Litchi  chinensis  Sonn.,  Sapindaceae,  are  renowned  for their  biological  activities.  However,
their  leaves  are  poorly  explored,  although  they  represent  an  important  source  of vegetable  raw  material
with biological  properties  as antioxidant,  anti-inflammatory  and  antinociceptive.  An  HPLC  method  was
developed  and  validated  for the  simultaneous  quantification  of  epicatechin  and  procyanidin  A2  in  the  leaf
hydroethanolic  extract of L. chinensis.  The  markers  and  other  unidentified  components  were  separated  on
a Luna  Phenomenex  C18 column  (250 mm  ×  4.6  mm,  5  �m)  with  mobile  phase  composed  of  acetonitrile:
water pH  3.0 (with  sulfuric  acid),  in a gradient  run;  at  1.0  ml  min−1, 30 ◦C and  278  nm  for  detection.
The method  was  linear  over  an epicatechin  and  procyanidin  A2  concentration  range  of  10–100  �g ml−1.
The  Limit  of  Quantification  for epicatechin  and  procyanidin  A2  were  1.7 and  2  �g ml−1, respectively.  The
itchi chinensis
rocyanidin A2

Relative  Standard  Deviation  (%)  values  for markers  (intra-  and  inter-day  precision  studies)  were  <4.0%  and
the accuracy  was  100  ±  5%.  The  method  was  applied  to ten  samples  collected  in  the  state  of Santa  Catarina
(Brazil),  which  showed  14.8–44.5  and  44.8–69.6  mg  g−1 of epicatechin  and  procyanidin  A2,  respectively.
The proposed  method  could  be  a valuable  tool  for quality  assessment  of L.  chinenis  leaves  as  well as  their
herbal  derivatives.

©  2015  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
ntroduction

Litchi chinensis Sonn., Sapindaceae, is an evergreen tree that is
ndigenous to the subtropics of southern China and has been grown
here for over 3500 years (Holcroft and Mitcham, 1996). This specie
s widely distributed in Asia, Africa and Americas, and the main
conomic interest has been assigned to its fruits, which are used
oth as a source of food as in cosmetics (Menzel, 2002; Martins,
005). In Brazil, ‘Bengal’ and ‘Brewster’ species have been cultivated
ince 1810 (Martins, 2005).
There are many reports about the phytochemical composition
f L. chinensis fruits, especially epicatechin and proanthocyanidins
Ruenroengklin et al., 2008; Zhou et al., 2011; Li et al., 2012), and

∗ Corresponding author.
E-mail: tbresolin@univali.br (T.M.B. Bresolin).

http://dx.doi.org/10.1016/j.bjp.2015.11.003
102-695X/© 2015 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora
pharmacological activities, such as immunomodulatory and anti-
tumoral (Wang et al., 2006; Zhao et al., 2007), antioxidant (Yang
et al., 2006; Duan et al., 2007) and hepatoprotective (Bhoopat
et al., 2011). On the other hand, leaves have been used as poul-
tices for skin disease treatment (Pandey and Sharma, 1989) and
also as a source of Traditional Chinese Medicine for heatstroke,
flatulence and detoxification treatment (Wen  et al., 2014). Anal-
gesic and anti-inflammatory activity was  firstly reported for the
petroleum ether leaf extracts in 1996 (Bersa et al., 1996), as
well as hepatoprotective activity in rats, especially for the leaf
methanolic extract (Basu et al., 2012). Recently, the isolation and
the antioxidant activity (DPPH, ABTS+ and lipidic lipoperoxida-
tion) of (−)-epicatechin (1), procyanidin A2 (2), procyanidin B2

(3), from methanol and ethanol crude leaf extracts of L. chinensis,
were reported by our research group (Castellain et al., 2014), and
in addition, the methanol extract showed central and peripheral
antinociceptive effect in four pre-clinical models. These findings
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The soft extract solution sample for HPLC analysis was  prepared
by dissolving 300 mg  in 5 ml  of methanol, in a 10 ml  volumetric
flask, which was  sonicated for 15 min, and the volume was com-
pleted with the same solvent (stock sample solution), which was
L.C. Thiesen et al. / Revista Brasileir

uggest the potential of L. chinensis leaves as source of material
or pharmaceutic and cosmetic herbal based products. Despite the
harmacological interest in this herbal drug, there is no report in
he literature of HPLC analytical methodology to support its qual-
ty control, concerning the quantification of potential markers, as
picatechin (1) and procyanidin A2 (2), which had already been
eported in the litchi leaves (Castellain et al., 2014). Polyphenols as
picatechin and procyanidin are known to have beneficial effects
n the human health and have been quantified in several medic-
nal plants by LC-UV methods (Lopes et al., 2010; Negri et al.,
010; Sousa et al., 2011), however, since herbal medicines and
xtracts are a complex matrix, each specie represents an analytical
hallenge.

Based on these biological activities related to L. chinensis leaves,
ydroethanolic and glycolic extracts have been studied by our
roup as source of active pharmaceutical ingredient for medicines
nd cosmetic herbal based products. For these purposes, it is impor-
ant to establish markers and analytical methodologies, which
ould be able to monitor the chemical quality of the herbal raw
aterial and its derivatives, batch to batch, and also as a valuable

ool for optimization of extraction and stability indicating stud-
es. In this sense, the present work aims the development and
alidation of a LC-UV methodology to quantify epicatechin and
rocyanidin A2 in hydroethanolic extract of L. chinensis leaves,
pplying the methodology to different geographical samples, har-
ested in the South of Brazil.

aterial and methods

hemicals and reagents

Epicatechin (1) and procyanidin A2 (2) were isolated from L.
hinensis leaves. The purity of the isolated compounds was  deter-
ined by HPLC using the method described as follow (> 99%

or EPI and >85% for PA2). The chemical structures were con-
rmed by NMR 1H and 13C as previously reported (Castellain et al.,
014).

Methanol and acetonitrile (HPLC grade) were obtained from
.T.Baker (Phillipsburg, New Jersey, USA). Water was purified
sing Easy Pure® equipment (Waltham, Massachusetts, USA).
he ethanol was analytical grade, purchased from Dinâmica
Diadema, São Paulo Brazil). All other solvents were analytical
rade.

O

OH

OH

HO

OH

OH

O

OH

HO

HO
1 2

HO
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Plant material

Batches of Litchi chinensis Sonn., Sapindaceae, leaves were sam-
pled from different cities of Santa Catarina, a state in the South of
Brazil, in the summer over the years of 2010–2014: Itajaí (year of
2010, 2014), Blumenau (year of 2010), Florianópolis (year of 2014),
Palhoç a (year of 2014), Pomerode (year of 2014), and Zimbros (year
of 2014). All the samples were authenticated, taking into account
the literature (Menzel, 2002) and compared with the voucher speci-
men, number 52829, which was  deposited at the Barbosa Rodrigues
Herbarium (BRH, Itajaí-SC, Brazil). The leaves were manually sep-
arated, cleaned and dried in an air oven at 35 ◦C until moisture
stabilization. After drying, the plant material was  ground in a knife
mill (outlet sieve = 2 mm)  and the average size of the particles was
determined by sieving (Farmacopeia Brasileira, 2010).

Preparation of extractive solution and soft extract

The extractive solution was  obtained by dynamic maceration
of milled leaves with ethanol:water 70:30 (v/v) at a plant:solvent
ratio of 5:100 (w/v), stirred for 4 h at room temperature, filtered
through Sontara® paper, kept in amber glass bottles and stored
at room temperature. The dried residue was determined by dry-
ing 5 ml  (weighed) of extractive solution at 100 ◦C until constant
weight in triplicate.

The soft extract was obtained by evaporation of extractive solu-
tion at 50 ◦C, with the aid of vacuum and water bath, in order to
achieve 92% of dried residue. The loss on drying of soft extract
was determined by drying 0.5 g at 100 ◦C until constant weight in
triplicate (Farmacopeia Brasileira, 2010).

Sample solutions preparation

Both extractive solution and soft extract were analyzed by HPLC
in order to quantify the markers. The extractive solution sample for
HPLC analysis was prepared by dissolving 1 ml with 5 ml  with sol-
vent solution (1:9 (v/v) acetonitrile:acidified water at pH 3.0 using
sulfuric acid). The dried residue was  taken into account to express
the marker assay in this sample.
OH OH

3
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tored at −20 ◦C. At the moment of analysis, the stock sample solu-
ion was thawed at room temperature and diluted (1:10) with
olvent solution (1:9 (v/v) acetonitrile:acidified water at pH 3.0
sing sulfuric acid) to obtain a concentration of 3 mg  ml−1. The loss
n drying was taken into account to express the marker assay in
his sample.

tandard solution

EPI and PA2 (10 mg)  were dissolved with methanol to produce a
tock standard solution (1000 �g ml−1). This standard solution was
ept in a freezer (−20 ◦C) and used for the analyses and validation.
t the moment of analysis, the stock standard solution was  thawed
t room temperature and diluted (1:10) with solvent solution to
btain a concentration of 50 �g ml−1 (standard solution).

PLC analysis

A Shimadzu LC-10AD LC system (Shimadzu, Tokyo, Japan) con-
isting of a binary pump (LC-10ADvp), column oven (CTO-10Avp),
n automatic injector (SIL-10AF) and a Shimadzu SPD-M10A photo
iode array detector was used. The injections (20 �l) were car-
ied out on a Phenomenex® (Torrance, California, USA) Luna C18

 �m (250 mm × 4.6 mm)  at 30 ◦C, with detection at 278 nm. For the
ethod development, different solvent systems were assayed in

socratic and gradient conditions using methanol, acetonitrile and
cidified water (pH 3.0 with sulfuric acid), at 1 ml  min−1. The best
radient was chosen: gradient acetonitrile (A): acidified water pH
.0 with sulfuric acid (B) of 10:90 (A:B) (0–5 min); 15:85 (5–7 min);
0:80 (7–13 min); 25:75 (13–20 min); 30:70 (20–30 min); 10:90
30 min) maintaining this composition for 40 min  then returning
o the initial conditions.

The EPI and PA2 assay in the samples was determined by exter-
al standardization, by the simultaneous analysis of a standard
olution as described above. Daily, the suitability parameters (res-
lution – R > 1.0, tailing factor – T < 1.5, and repeatability of area –
SD% <2.0) were determined.

ethod validation

The method was validated according to the national (Anvisa,
003) and international guidelines (ICH, 2005), using the extractive
olution prepared from the sample (Itajaí – summer, 2010).

The selectivity of the HPLC method was evaluated by comparing
he chromatogram of a blank (diluent solution), the mobile phase,
nd the sample solution, to detect any co-elution interference. The
esolution between peaks was analyzed, and also the purity index
f markers peaks through PDA detector.

The linearity was evaluated for analytical curves using three dif-
erent procedures. In the first procedure, the EPI and PA2 standard
olution at 1000 �g ml−1 was diluted in triplicate, in the range of
0–100 �g ml−1, in seven levels, and injected in duplicate (curve
). Curve A was spiked with a fixed volume of stock sample solu-

ion (1 ml  in all volumetric flasks of the standard analytical curve)
curve B). Finally, another curve of sample solution was  carried out
y the dilution of a stock sample solution at 5 mg  ml−1 in seven dif-
erent levels (1–5 mg  ml−1), in triplicate. All the analytical curves
ere plotted and statistically evaluated.

The Limit of Detection (LOD) and Limit of Quantification (LOQ)
ere calculated based on standard deviation of the y-intercepts of

quation curves obtained by linear regression (ICH, 2005).
The accuracy of the method was estimated through the analyte
ecovery test (Anvisa, 2003; ICH, 2005), spiking a 20 mg  ml−1 stock
ample solution with three different level (250, 500 and 750 �l) of
tock standard solution (at 1000 �g ml−1) in triplicate. The three
evels of standard addition represented 50, 100 and 150% of the
armacognosia 26 (2016) 168–173

markers target concentration, which was previously determined
in the sample. The recovery of both markers was calculated after
discounting the marker area from the sample solution without
standard addition.

Repeatability (intra-day) and intermediate precision (inter-day)
were determined through analysis (six replicates) of the sample
solution, prepared as described above, with injection in duplicate.
The RSD% of the marker assay was determined. This procedure
was repeated after two  days in order to assess the intermediate
precision.

The robustness of the chromatographic method was evaluated
by changing the mobile phase flow (0.9, 1.0 and 1.1 ml  min−1), the
oven temperature of the column (29, 30 and 31 ◦C), the pH of the
mobile phase, and the store conditions of the analytical solutions
(0, 24 and 48 h, at room temperature, fridge and freezer). For each
experiment, the sample and the standard solutions (prepared as
described before) were injected in triplicate. The data (retention
time, resolution and assay of markers) were analyzed and the RSD%
was calculated.

Statistical analysis

The results were expressed as the mean (RSD%). Statistical sig-
nificance among groups was calculated by analysis of variance
(ANOVA) in which the results were considered significant when
the probability was less than 5% (p < 0.05), followed by the Tukey
test. Statistical analysis was carried out using the software program
GraphPad Prism 5.0.

Results and discussion

According to Brazilian and European guidelines, markers are
chemically defined as constituents or groups of constituents which
are useful to the obtainment of an herbal preparation and an
herbal medicinal product, being considered active markers when
contribute to the therapeutic activity (EMA, 2011; Anvisa, 2014).
Therefore, PA2 and EPI may be considered active markers, based
on previous studies of L. chinensis leaves (Castellain et al., 2014).
The determination of these markers levels in a variety of herbal
drug samples contributes to the establishment of specifications for
the future development of pharmaceutical or cosmetic herbal based
products.

Method development

Regarding the separation of the phenolic compounds of the L.
chinensis leaf extractive solution (Fig. 1), initially many gradient
systems were tested, using acetonitrile, methanol and acidi-
fied water (pH 2.5–3.0, with sulfuric or trifluoroacetic acid), at
30–40 ◦C, 1.0–1.3 ml  min−1. Also, different columns (XSelect CSH®

hexyl phenyl 3.5 �m,  4.6 mm × 100 mm,  Waters; Luna C18 3 �m,
4.6 mm × 150 mm and 5 �m,  4.6 mm × 250 mm,  Phenomenex)
were tested. The Luna C18 5 �m,  4.6 mm × 250 mm  Phenomenex
provided a suitable chromatographic profile, with the best sepa-
ration of both supposed markers, as well as the other compounds.
The eluent was  monitored by PDA, and the detection wavelength
was set at 278 nm which represents the wavelength of maximum
absorbance (Fig. 1).

In a run of 40 min, the EPI eluted at 17 min  and PA2 at 24 min
(Fig. 2a and b). Another minority compound, identified as being PB2

eluted at 16 min. The UV profile of the two  major markers is shown
in the inserts of Fig. 1, being similar to the other major unknown
peaks (peak 1 and 2), with typical UV absorption profile of phenolic
compounds. The method meets the previous criteria of suitability.
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Table 1
Accuracy and precision for the assay of EPI and PA2 in leaf extract of Litchi chinensis.

Accuracy

Theoretical concentration
(�g ml−1)

Recovery (%) RSD (%)

EPI PA2 EPI PA2 EPI PA2

26.13 22.96 102.5 102.2 0.67 2.69
52.43  45.94 102.8 102.2 2.03 0.72
80.05  69.96 104.6 103.8 0.38 2.09

Precision

Amount of EPI
(mg g−1)
(RSD %)

Amount of PA2
(mg g−1)
(RSD %)

Repeatability (Day 1) 19.58 (2.96) 23.58 (3.71)
Fig. 1. Chromatographic profile of Litchi chinensis samp

ethod validation

The selectivity of the method was shown, without co-elution
f the peaks (Fig. 1), purity index >0.999, and absence of solvent
nfluence.

The EPI and PA2 calibration curves proved to be linear over
he range of 10–100 �g ml−1, as shown by the linear equations
nd regression coefficients (r2): y = 14031x − 8345.3 (r2 > 0.999),

 = 11630x + 20,426 (r2 > 0.999), for the EPI and PA2, respectively,
emonstrating an acceptable data fit to the regression curve.
he standard addition in soft extract (curve B) proved to be
arallel to isolated standards (curve A), with similar slopes, with-
ut interference of the matrix on the linearity of the method
y = 13715x + 60,459, (r2 > 0.996, y = 11405x + 58,866, (r2 > 0.996) for
he EPI and PA2, respectively), and random distribution of residu-
ls (data not shown). In addition, the analytical curve of soft extract
curve C) in the range corresponding to 1–5 mg  ml−1 of EPI and PA2
lso showed suitable linearity (r2 > 0.99). The method showed high
ensitivity, as demonstrated by the low estimated values of LOD
nd LOQ for both markers, of 0.50 and 1.67 for EPI, respectively,
nd 0.61 and 2.04 �g ml−1, for PA2, respectively.

The mean recovery of both chemical markers was  within the
ange of 90–107% considered acceptable (AOAC, 2012) in view of
he low level of chemical markers in the analyzed samples. The
ntra- and inter-day precision (Table 1) showed RSD% <5%, which
s considered appropriate (AOAC, 2012).

The robustness was estimated after making small variations in
he parameters of the methodology, and the results were evaluated
ased on the mean and RSD% (intra and inter) for area, retention

ime, resolution and marker assay in the soft extract (Table 2).
lthough there is influence of deliberate variations in the method-
logy imposed in relation to the chromatographic parameters (area,
etention time and resolution), the method proved to be robust
Repeatability (Day 2) 19.97 (1.95) 24.31 (2.54)
Intermediate precision 19.78 (2.64) 23.95 (3.47)

considering the assay of both markers in the samples with RSD%
inter <5% for most determinations. Among the chromatographic
parameters most affected, the resolution showed the greatest vari-
ability in the highest levels of temperature, flow and pH of the
mobile phase. Regarding the variations imposed on the method,
the flow of the mobile phase showed the greatest impact on the
chromatographic parameters, including the determination of PA2,
highlighting that this parameter should be well controlled during
analysis. The sample and standard solutions stored at room tem-
perature, freezers and refrigerator showed to be stable for 48 h,

maintaining the peak area of both markers (RSD% ≤ 1.0%).

The leaf extractive solution of L. chinensis collected from dif-
ferent cities of the State of Santa Catarina (South of Brazil) were
analyzed and showed a similar chromatographic profile (data not
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Table 2
Robustness of the assay of EPI and PA2 in leaf extract of Litchi chinensis.

Mean (%RSDintra)

Area Rt (min) R Assay (mg/g)

EPI PA2 EPI PA2 EPI PA2 EPI PA2

Temperature (◦C)
29 709,706 (3.60) 711,762 (0.92) 17.34 (0.82) 23.59 (0.11) 2.54 (1.67) 1.14 (4.40) 19.34 (2.94) 16.65 (0.92)
30  710,487 (0.34) 707,988 (1.85) 17.19 (0.21) 23.86 (0.15) 1.22 (0.80) 1.75 (2.94) 19.30 (0.34) 22.15 (1.85)
31  696,520 (0.45) 684,428 (1.24) 17.00 (0.46) 24.02 (0.22) 1.29 (30.92) 1.60 (34.66) 19.03 (0.37) 22.12 (1.24)
%RSDinter (1.87) (2.16) (0.78) (0.73) (27.06) (23.68) (1.76) (2.20)

Flow  (ml  min−1)
0.9 794,709 (1.07) 814,976 (2.20) 18.57 (1.18) 25.40 (0.67) 2.00 (29.02) 2.18 (4.49) 19.44 (0.87) 22.87 (2.20)
1.0  710,487 (0.34) 707,988 (1.85) 17.19 (0.21) 23.86 (0.15) 1.22 (0.80) 1.75 (2.94) 19.30 (0.34) 22.15 (1.85)
1.1  662,000 (1.19) 655,750 (1.27) 15.88 (0.09) 22.30 (0.33) 1.05 (8.26) 1.67 (9.33) 19.79 (0.97) 22.08 (1.27)
%RSDinter (7.29) (5.74) (6.08) (4.86) (28.71) (34.27) (1.47) (5.74)

pH  mobile phase
2.9 727,819 (0.08) 722,094 (0.27) 16.79 (0.23) 23.35 (0.17) 1.33 (1.98) 2.27 (0.25) 19.63 (0.08) 21.75 (0.61)
3.0  710,487 (0.34) 707,988 (1.85) 16.74 (0.18) 23.86 (0.15) 1.21 (4.26) 1.75 (2.94) 19.30 (0.34) 22.15 (1.85)
3.1  704,938 (2.60) 689,595 (1.64) 17.12 (0.57) 23.64 (1.75) 1.78 (3.89) 2.04 (17.93) 19.33 (2.12) 22.38 (1.64)
%RSDinter (1.76) (8.91) (1.10) (5.05) 
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Fig. 2. Procyanidin A2 (a) and Epicatechin (b) concentration and variation among
samples of Litchi chinensis leaves which were harvested in the summer of different
cities of Santa Catarina State (Brazil). Means followed by the same letter over the
bars do not differ according Tukey test (  ̨ = 0.05).
(13.88) (21.33) (1.50) (2.20)

shown) in comparison with the sample from Itajaí. EPI and PA2
were present in all samples (Fig. 2).

The amount of EPI and PA2 may  vary depending on the city (five
different location) for the same season (Fig. 2), with higher con-
tent of PA2 in all samples. On the other hand, the variation of EPI
was higher than that of PA2, being the first a more discriminative
marker of environmental conditions. Apart from the need to estab-
lish the markers ranges, to support the quality specifications of raw
plant material it is known that tannins possess an ability as non-
enzymatic antioxidants and in high concentrations they may  also
play a role in UV-protection of plants (Hagerman et al., 1998). Also,
Lavola et al. (2003) reported that ambient range of UV-B radiation
can influence the chemical composition (flavonoids and tannins) of
Scots pine seedlings (Pinus sylvestris) and enhancement in nutrients
may  increase their responsiveness.

Therefore, these active compounds can be established as quality
markers for L. chiniensis leaves derivatives employed in the devel-
opment of pharmaceuticals and cosmetics. Its determination in
different samples is a crucial factor for the future establishment
of quality specifications for vegetable raw material to be used in
the pharmaceutical and cosmetics industries. A further analysis of
the biological activity of the different samples will establish the
minimum limits for markers, contributing to the production of a
monograph for the herbal drug.

Conclusion

The LC-UV method for the EPI and PA2 assay was  validated
and proved to be sensitive, accurate, linear, precise, reproducible,
repeatable and robust. The results showed that this method could
be readily applied as a suitable quality-control method for the
quantification of epicatechin and procyanidin A2 in L. chinensis
leaves derivatives, and may  be used in the future development of
herbal medicinal products, as potential markers. Further study is
need beyond seasonality, location as parameters for establishment
of quality control specifications of this specie as herbal pharmaceu-
tical raw material.
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